One of the advantages of the helicopter is to be able to undertake in roles, which for other vehicles would prove to be difficult and even impractical. When performing flying crane duties, rescue flights or military operations, it has to fly very close to the ground or the sea, land on unprepared fields and this, in open country, in the mountains or in the desert. It is, relative to the fixed wing aircraft, what the "Jeep" is to a passenger car, and due to this, it has more acute environment problems than other types of aircraft. The engines, being one of the more vulnerable components, must be protected against the attack of the environment. This subject being very large, it will be limited to three environment problems which are the most important for helicopter engines: salt spray, dust and ice. The solutions-adopted by Sud Aviation, in close collaboration with Turbomeca, for its helicopters-are presented. The case of piston engines, we shall deal with gas turbine engines only.
Environment Problems Affecting Helicopter Engine Operation
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PROTECTION AGAINST SALT
Protection of the engines, during low level (less than 100 m) flight over the sea, is absolute iy necessary since the air is laden with humidity or water spray having a high salt content and causing corrosion of the engine internal components. Furthermore, salt deposits are formed on the compressor blades and other engine sections which may disturb the air stream or destroy the mechanical characteristics of some parts, bearings, seals, labyrinth seals, etc.
The importance of the problem may be illustrated by an example: We have determined the salt content in the air drawn in by helicopter engines during low-level hovering over the sea. Fig.l shows the results noted versus the height of the wheels above the water. To obtain the actual height of the engine air intake, relative to the water surface, the above value should be increased by 3 in. It can be seen that at a height of 5 m above the sea, that is 8 m for the air intake, the amount of salt absorbed by an engine, rated at 1500 hp, is about 900 g/hr and this over a calm sea. The amount of salt absorbed would be, of course, higher over a rough sea.
The salt deposits inside the engines have no immediate effect, but building up should not be allowed. Engine characteristics have been recorded after over-water flying and it has been demonstrated that the loss of performance is very small. However, if the corrosive action of the salt and the deposits is alloWed to develop, rapid degradation of the engine is reached. Sud Aviation and Turbomeca have adopted the solution of washing the engines after an over-water flight at an altitude of less than 100 m.
The washing procedure consists of spraying de-mineralized water into the air intake. This operation is made on the ground, the engine being turned over. The water flow is 18 1/min at a pressure of 10 bars. By determining the salt content in the water coming out of the exhaust pipe, we have been able to establish if the washing operation was efficient and determine the required injection period. The maximum permissible salt con- The results obtained with this washing procedure are excellent. They have been confirmed during a flight testing period of 100 hr made on three engines followed by a detailed examination carried out by the engine manufacturer. The French Navy has used this procedure, regularly with great success, on the "Super Frelon" helicopter for four years ( The helicopter being a vehicle required to maneuver near the ground, and in particular, takeoff and land on unprepared fields, the engines must be protected against the ingress of foreign bodies which may be blown up by the rotor stream and drawn into the air intake. Sand and dust are, in this case, the most dangerous since they have two prejudiciable effects on the engine: accumulation inside the engine, leading to the clogging of passages and labyrinth seals, and, in particular erosion of the blades especially those of the compressor (Fig.4) .
These two effects may lead to rapid unserviceability of the engine, to such a point that the T.B.O. may have to be reduced in the event of permanent operation in the desert or in sand laden atmosphere. Therefore, a certain protection is absolutely necessary and the only solution is to purify the air entering the engine. Two possibilities are available: the "barrier" and "inertia" types of air filter.
The 'Barrier" Type Filter
This solution has been adopted frequently by Sud Aviation on various helicopters: Alouette • Firstly, and obviously, is the necessity of maintenance. In fact, helicopters r:.ust be able to operate over all kinds of country, in particular, in the desert where the amount of dust, raised by the rotor stream, is very great. It has been estimated that a "Super Frelon" taking off under such conditions raised a dust cloud, having at the level of the air intakes, a dust content of 1.5 g/cu m of air (Fig.5) . Due to the great amount of air passing through the turbine engines, the filters become clogged fairly quickly. This disadvantage may be remedied by designing a quick release filter element, and this was done on the "Super-Frelon." Further, the elements were designed for ease of cleaning, simply by manual shaking which may be done in a few seconds (Fig.6) . However, the necessity still subsists: it is a tribute to be paid to obtain efficiency!
• The other disadvantage is related to the first. To achieve a low pressure drop and a sufficiently long operating time before clogging occurs, it is advisable to have a considerable filtering surface, particularly when a large air flow exists, but in this case a penalty of weight and overall dimensions arises. II, Alouette III, Super Frelon. The filter consists of a sandwich construction, essentially made of felt permeable to air, and retained by two metal grids acting as a support. These filter elements are designed and manufactured by Vokes, in Great-Britain.
In all cases, efficient protection was obtained as the M.T.B.F. of the engines operating in sand laden atmosphere and so equipped was the same as that for engines operating in clean atmosphere and, sometimes, even better! In particular, this was the case for the engines of the "Alouette" helicopters, operated by the French "Gendarmerie Nationale" at La Gua-eloupe, and which had a longer life than the same engines, operated in France but without a filter. During laboratory tests, the efficiency of these filters has been found to exceed 99.9 percent for dust dimensions ranging from 30 to 80 microns. This type of filter, which has the great advantage of efficiency, however, has two disadvantages: These disadvantages led us, as other helicopter manufacturers, to contemplate the use of an "inertia" type filter.
The "Inertia" Type Filter Sud Aviation has studlea, for installation on its helicopters, various filters of this type, each of them having naturally its own advantages and disadvantages. To mention them all would be of little interest, so we shall expose only the solution at present contemplated for the helicopter "SA 330 -PUMA" and which has been developed conjointly with "Pall Corp.," an American firm.
The filter (Fig.7) is composed of 1175 tubes, installed in parallel in front of the engine air intake. Each tube inlet includes a fixed helix. The air, drawn in by the engine, passes through this tube and is put into rotation by the helix. The particles in suspension are separated by centrifugal force and ejected, with a small portion of the air, into a vacuum chamber from where they are exhausted outboard. The vacuum within the chamber, and the exhaustion of the particles outboard are ensured by four ejectors, operating on compressed air bled from the engine compressor. Fig .8 The advantage of such a system is that it is selfcleaning. The pressure drop in each tube is quite low, and the total pressure drop of the filter is lower than 12 mbars: The air bleed results in an increase of 1.5 percent in the fuel consumption, however, it should be noted that except in the contaminated atmosphere, that is after take-off and until landing, filtering is not required and bleeding of air may be stopped. Thus, the increase in fuel consumption is very limited in time and is not, therefore, a real disadvantage.
Naturally, the efficiency is lower than with a "barrier" type filter. It is from 85 to 90 percent according to the dust encountered. However, it should be noted that the destructive action of a particle is proportional to its volume, and it is the finer particles, hence the less dangerous for the engine, that are not eliminated by the filter. Finally, this solution has many attractive aspects as it achieves a largely sufficient efficiency.
The tubes, being made of plastic, have a very long life and a relatively low price. Compared with the "barrier" type filter, a weight saving of about 50 percent is made with this filter.
PROTECTION AGAINST ICE
For the helicopter engine, icing protection differs very little from that required for the engine of a fixed wing aircraft. But, on the helicopter, the engines are located very close to the airframe and therefore there is a greater possibility of ingress of ice flakes detached from the fuselage or the blades. Further, landing on an unprepared field may result in the absorption of snow. Hence, the compressor must be very robust power v Fig .9 and the engine should not be prone to flame-outs.
Building-up of ice on the engine air intake is obviously to be avoided. The solution selected by Sud Aviation is a hot air system warming-up the air intakes and Turbomeca has also adopted the same solution for the inlet housing of the engines, supplied for our helicopters. The efficiency of this solution has been domonstrated by tests made in icing atmosphere in the laboratory of the "Centre d' Essais des propulseurs" at Saclay, in flight in artificial icing conditions at the National Research Council of Ottawa and during flight tests in natural icing conditions (Figs.8 and 9 ).
Anti-icing (this designation is given as the heating is applied continuously) using hot air has been adopted for some versions of the Alouette III, equipped with an "Artouste III B" engine, the Super-Frelon, "Civil" and "flying crane" versions, equipped with "Turmo III C5" engines and the production SA 330, equipped with "Turme III C4" engines. In all cases, the air is bled downstream of the engine compressors. This air, at a temperature of 200 -250 C, is led Fig.10 "SA 330" Air intake with hot air antiicing system schematic diagram through ducts to warm-up the points of maximum build-up, is then circulated through the doublewalled air intake and then exhausted into the engine (Fig.10) . The air flow, bled from each engine, for the anti-icing system of the engine inlet housing and the air intake amounts to 160 g/sec on the Super Frelon and SA 330. This results in an increase of 4 percent in fuel consumption. The power available from the engine is not affected since antiicing is only used at low temperatures and in this case, power is considerably greater than that required for flight.
The advantage of such an anti-icing system is its simplicity, and hence, its reliability. The equipment items required are few in number: pipes, cock and a temperature bulb, connected to an indicator located in the cockpit to indicate correct operation of the system. Another advantage is that the air being compressed, the pipes have a small cross-section, thus they do not inflict a great weight penalty on the assembly.
On the "Super Frelon," which is a tri-turbine helicopter, the following problem arose: the air intake of the rear engine had a greater area than that of the forward engines and anti-icing required more thermal energy. The problem could have been solved by bleeding more air from the compressor, but this created a risk of a mismatch between the speed of this engine and that of the other two. The solution selected was to maintain the same air flow as for the other two engines but to add a certain quantity of air bled downstream from the gas generator. This air had a much higher temperature but lower pressure. The mixing duct was designed so as to create a "venturi" effect with the air bled from the compressor and, finally, the mixture had enough energy to circulate in the system and its temperature of about 300 C provides satisfactory anti-icing of the air intake.
CONCLUSIONS
There are certainly other solutions to the three problems mentioned above, and, other lec-turers will perhaps outline them in later lectures. stated in the introduction, it should be the reThe choice of a given solution depends on the ensult of close collaboration between the engine and gine and the helicopter. For this reason, as aircraft manufacturers.
